Abstract: To determine the host-feeding patterns of mosquitoes, blood-fed mosquitoes were collected by 5 di#erent methods from various places such as mountain forests, residential areas and animal sheds of the following 5 islands, Amamioshima, Tokunoshima, Iheyajima, Okinawajima and Iriomotejima in the Ryukyu Archipelago, Japan over a 6 yr period (2005ῌ2010). A total of 975 bloodmeals derived from bloodfed mosquitoes of 35 species representing 11 genera were successfully identified by a polymerase chain reaction (PCR) based method, and 34 vertebrate species were identified as the bloodmeal hosts. Our results indicate that mosquitoes of the same genus show similar host preferences when blood source animals are classified into 5 major groups; mammals, birds, reptiles, amphibians and fishes. The genus Anopheles exhibited mammalophilic and Aedes exhibited mammalophilic, but Ae. (Geoskusea) baisasi Knight and Hull fed predominantly on fishes. Host preferences of the genus Culex were somewhat di#erent among subgenera. Subgenus Culex fed on warmblooded animals, including mammals and birds, whereas other subgenera fed on various hosts both warm-blooded and cold-blooded animals. The Uranotaenia species were amphibian-feeders and also fed on reptiles and fishes, but not on warm-blooded animals. Medical importance of mosquito species is discussed as related to their feeding patterns and transmission of mosquito-borne diseases.
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Information on host-feeding patterns of mosquitoes in nature is an essential component for evaluating their vectorial capacities and for assessing the role of individual vertebrates as potential reservoir hosts involved in maintenance and amplification of zoonotic agents of human and animal diseases (Molaei et al., 2008; Miyagi et al., 2010) . It is a well-known that mosquitoes obtain their bloodmeals from a wide variety of hosts. These include warm-blooded animals such as mammals (humans, cattle, pigs and numerous wild mammals) and birds, coldblooded animals such as amphibians and reptiles (frogs, turtles and snakes), and fishes such as mudskippers (Tempelis, 1975) .
Host-feeding patterns of mosquitoes vary depending on mosquito species and availability of host animals. However, detailed information on host-feeding patterns of mosquito species is largely limited to species belonging to the genera Anopheles, Aedes and Culex (Clements, 1999; Tempelis, 1975; Belkin, 1962) . The primary hosts for most species of the former 2 genera are mammals and for the latter are variable. Accumulation of more information about host-feeding patterns of many mosquito species should reveal that mosquito species of the same genus and subgenera tend to have a similar host preference. Tempelis (1975) reviewed the host-feeding patterns of many mosquito species. Bloodmeals of mosquitoes have traditionally been identified by serologic techniques such as the precipitin test and enzyme-linked immunosorbent assay (ELISA). Recent advances in molecular techniques for bloodmeal analyses by using polymerase chain reaction (PCR) based assay, permits the identification of host species with a higher accuracy than previous serologic techniques. These molecular techniques have been used to examine the host-feeding patterns of vectors of the West Nile virus (WNV) (Molaei et al., 2008; Kent et al., 2009; Sawabe et al., 2010) , avian malaria (Ejiri et al., 2008; Kim et al., 2009a, b) and Eastern equine encephalitis virus (EEEV) (Cupp et al., 2004) .
The mosquito fauna of the Ryukyu Archipelago in Japan is well studied and rich in mosquito fauna consisting of 72 species of 15 genera (Toma and Miyagi, 1986; Miyagi et al., 1992) . Our previous studies on host-feeding patterns were mainly concerned with information on several vector mosquitoes that have a special preference for human and domestic animals, Anopheles (Cellia) minimus Theobald, An. (Anopheles) sinensis Wiedemann, Culex (Culex) tritaeniorhynchus Giles, Cx. (Cux.) quinquefasciatus Say, and Aedes (Stegomyia) albopictus (Skuse) Toma, 1978 a, b, 1980; Toma and Miyagi, 1981) . Recently, bloodmeal hosts of Ae. albopictus and Cx. quinquefasciatus collected from the Ryukyus were identified by molecular techniques (Sawabe et al., 2010) . However, reports on bloodmeal identification by molecular techniques are heretofore lacking for many mosquito species inhabiting di#erent areas of the Ryukyus.
The present study reports the bloodmeal hosts of 35 mosquito species through bloodmeal identification by PCR based methods applied to a variety of field samples. Our mosquito collections focused on mosquitoes inhabiting forest areas of the large islands of Amamioshima, Tokunoshima, Okinawajima, Iheyajima and Iriomotejima of the Ryukyu Archipelago, because mosquito fauna are rich in these islands (Toma and Miyagi, 1986) . Based on the results of the present study, host-feeding patterns of mosquito species are reviewed and host preferences of genera and subgenera discussed. Medical importance of mosquito species is also discussed as related to host-feeding patterns and transmission of mosquito-borne diseases.
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Study areas
The Ryukyu Archipelago lies in a curved chain between Taiwan and Kyusyu District of Japan, extending about 1,000 km from 24ῌ to 28ῌN, and 122ῌ to 132ῌE, and consisting of approximately 160 islands (Fig. 1) (Fig. 1 ). All of these islands are mountainous and heavily forested throughout except for the business areas. The climate is subtropical with an annual temperature of 23.0῍ for the past 30 years on Okinawajima (meteorological data based on the online database of the Japan Meteorological Agency). The coldest month is January with an average temperature of 16.9ῌ, and the hottest month is July with an average temperature of 28.9ῌ. The average annual rainfall is 2,002.8 mm.
Wild mammals include the indigenous wild boar, Sus scrofa riukiuanus, the wild cat, Prionailurus bengalensis iriomotensis, the shrew, Suncus murinus temmincki, and fruit bat, Pteropus dasymallus, on the Ryukyus. There are many indigenous snakes, turtles, lizards and frogs and many domestic animals and birds such as cattle, pigs, goats, dogs, cats and fowl on all of the islands. The zoological garden examined in this study has many imported large animals, such as gira#es, Gira#a camelopardalis, white rhinoceros, Ceratotherium simum, and ostrich, Struthio camelus.
Mosquito collections
From 2005 to 2010, mosquitoes were collected during the mosquito breeding season from a variety of habitats in the study islands. The following 5 collection methods were adopted: (1) light traps with 30 W fluorescent BLB lamp (BLB trap) were used to collect from domestic animal sheds (cattle, goat, pig and fowl), animal shed (gira#e) of the zoological garden, and residential areas; (2) back-pack type battery-operated CDC-like suction traps with 4 W BL lights (BL trap) were used to collect mainly from forests and residential areas of the islands; (3) frog call battery-operated CDC-like suction traps (frog call trap) were used to collect from the forests (Toma et al., 2005) ; (4) ordinary sweep net collections including battery-operated handy vacuum cleaner collections (sweeping) were from the forest and mangrove areas; and (5) conventional human-landing collections were from the residential, mangrove and forest areas. All traps, BLB trap, BL trap and frog call trap were hung on branches of trees and under eaves about 1.5 m above ground and were operated from 18 : 00 to 7 : 00 the next morning. Sweep net collections were made in resting or harborage natural habitats of mosquitoes, such as clefts of stream banks, around holes of fresh and brackish water crabs, and from vegetation beside animal passes. The human-landing collections were made during the course of the daytime survey work. The blood-fed mosquitoes captured were identified morphologically with the taxonomic keys of Tanaka et al. (1979) and Toma and Miyagi (1986) . Recent studies have made significant generic and subgeneric changes in the classification of the Aedini tribe (Reinert et al., 2004; Reinert and Harbach, 2005; Harbach, 2007) . However, to avoid confusion in species names, we used the traditional names following the genus Aedes of Knight and Stone (1977) except for Verrallina (Neomacleaya) atriisimilis (Tanaka and Mizusawa) and Ve. (Verrallina) iriomotensis (Tanaka and Mizusawa) followed by Reinert and Harbach (2005) and Lutzia (Metalutzia) vorax Edwards by Tanaka (2003) . We also used PCR based molecular identification for some specimens that could not be identified morphologically, such as mosquitoes belonging to the Cx. vishnui subgroup (Toma et al., 2000) and the An. sinensis group with primers developed in our laboratory (unpublished data). Blood-fed mosquitoes collected were preserved in 99῎ ethanol until used for the bloodmeal analyses.
DNA extraction
One blood-fed mosquito was carefully homogenized in 10 ml of 0.9῎ NaCl and 240 ml of preheated (100῍ in heating block) 5῎ Chelex 100 (Bio-Rad Laboratories, CA, USA) was added and mixed. After heating for 10 minutes, the sample was centrifuged at 6,000 rpm for 5 min (Tsuzuki et al., 2001) . The supernatant was utilized directly as a template in PCR or was stored at ῌ20῍ until PCR was carried out.
Amplification of 16S rRNA region from mosquito bloodmeals
Bloodmeals were identified by PCR amplification and DNA sequencing of a fragment of the vertebrate mitochondrial 16S ribosomal RNA (rRNA) region. PCR primers, VerU-1 and VerU-2, designed by Sawabe et al. (2010) were used with an amplified product size of about 280 bp. The primers were able to detect vertebrate-derived bloodmeals from any species.
Amplification cycles for these primers consisted of initial denaturation at 94῍ for 2 min, followed by 30 cycles of 94῍ for 30 s, 57῍ for 30 s, and 72῍ for 90 s. The final 72῍ extension was 4 min. If the above sets of primers failed to yield PCR products, nested PCR was conducted with the forward primer 16s-FW2 (5ῌ-GACGAGAAGACCCYATGGA-3ῌ), designed at position 2 inside of the 5ῌ sequence of the VerU-1 primer, and reverse primer, VerU-2. Ten pmol of each forward and reverse primer were used for cocktails. Three microliters of DNA from each extracted bloodmeal was used as a template in 20 ml each reaction. DNA amplifications were completed on a PCR Thermal Cycler SP TP400 (Takara Bio, Shiga, Japan). Amplification products were separated on a 1.5῎ agarose gel in the pres-ence of ethidium bromide.
DNA sequencing and mosquito bloodmeal identification PCR products were purified using a QIAquick PCR Purification Kit (Qiagen, Valencia, CA, USA). Vertebrate PCR products from mosquito bloodmeals were sequenced in both directions with the BigDye Terminator version 1.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) with the same primers used in the first PCR. PCRamplified products were purified by ethanol purification and sequenced directly in cycle sequencing reactions with the sequencer ABI PRISM 310 genetic analyzer (Applied Biosystems).
Sequences of the PCR amplified DNA fragments were then used to perform BLAST searches with the GenBank nucleic acid database (NCBI, 2010) to determine the identities of the blood host species. Positive identification and host species assignment were made when exact or nearly exact matches (ῌ98῍) were obtained. When the results were indicated as pig or wild boar, the host was decided based on the environment where the mosquitoes were collected.
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Mosquito collections
A total of 35 species in 11 genera were collected from 5 islands in this study (Table 1) .
Among the blood-fed mosquitoes, 581 (13 species) were collected by BLB traps, 196 (12 spp.) by human-landing collections, 89 (17 spp.) by BL traps, 84 (11 spp.) by sweeping and 25 (4 spp.) by frog call traps (Table 2) .
Host-feeding patterns of mosquitoes
Bloodmeal hosts were successfully identified from 975 mosquitoes with 13 mammalian, 5 bird, 3 reptile, 11 amphibian, including 2 unknown frogs, and 2 unknown fish species identified (Table 3) . The most common bloodmeal hosts for mosquitoes in this study were cattle (43.6῍), and humans (17.7῍) were second.
A total of 799 (81.9῍ of 975) fieldcollected mosquitoes fed on mammals (Table 4) . Bloodmeals from mosquitoes of the genera Anopheles (4 species), Heizmannia (1 sp.), Verrallina (2 spp.), Ficalbia (1 sp.) and Mansonia (1 sp.) were all of mammalian origin. Of the 371 Aedes mosquitoes, 80.1῍ fed on mammals, 5.1῍ reptiles, 1.1῍ amphibians and 13.5῍ fishes. Of the 302 Culex mosquitoes, 88.1῍ fed on mammals, 9.9῍ birds and 1.7῍ amphibians. Amphibian-derived bloodmeals comprised 9.3῍ of all the analyzed bloodmeals from Aedes, Culex, Mimomyia and Uranotaenia mosquitoes. Reptile-derived bloodmeals were uncommon and identified only in Ae. Among 13 mosquito species, including Ae. albopictus, Cx. quinquefasciatus, Cx. tritaeniorhynchus and Armigeres (Armigeres) subalbatus (Coquillett) that fed on humans, 8 species fed exclusively on mammals, 2 species fed on mammals and birds, 1 species fed on mammals, birds and amphibians, and 2 species fed on mammals and reptiles suggesting potential pathways of zoonotic pathogens from wild animals to human (Table 4) .
Mosquitoes feeding on warm-blooded animals
Bloodmeals derived from warm-blooded animals were identified in 21 species of 9 genera (Table 5) . Cattle-derived bloodmeals were most common (46.7῍) followed by human-derived bloodmeals (25.1῍). Of the 25 bloodmeals of An. (Ano.) lesteri Baisas and Hu collected around animal sheds, 72.0῍ fed on cattle and 20.0῍ on goats. In the bloodmeals of An. (Ano.) saperoi Bohart and Ingram collected in the forest, 81.1῍ were human-and 18.9ῌ were Sus scrofa-derived bloodmeals. Because An. saperoi were collected from breeding places of wild boars, we concluded that they fed dominantly on wild animals. Anopheles sinensis fed predominantly on large domestic animals, such as cattle (72.1ῌ), goats (16.4ῌ) and water bu#alos (9.8ῌ). Two An. minimus collected in the forest of Iriomotejima fed on cattle. Aedes (Finlaya) aureostriatus okinawanus Bohart collected in the forest of Okinawajima fed exclusively on ῎ῌ mosquitoes fed on human in this study. ῏ῌ based on Toma and Miyagi (1986) , Tanaka et al. (1979) and Miyagi et al. (1992) . 
Mosquitoes feeding on cold-blooded animals
Mosquitoes feeding exclusively on coldblooded animal hosts consisted of 1 species of Aedes, 2 Culex, 1 Mimomyia and 5 Uranotaenia (Table 6 ). Of 116 mosquitoes that fed on cold-blooded animals, 54.3ῌ were frog-derived. Of the 53 bloodmeals of Ae. baisasi, 94.3ῌ fed on fishes (goby and snake eel) and 5.7ῌ on the frog Fejervarya sakishimensis. Mimomyia (Etorleptiomyia) elegans (Taylor) collected in the forest area of Iriomotejima fed on a frog Buergeria japonica. Five species of Uranotaenia fed predominantly on frogs (94.8ῌ), a ground gecko (1.7ῌ), a newt (1.7ῌ) and a fish (1.7ῌ), none of them fed on warmblooded animals. They fed on 10 frog species, such as F. sakishimensis and Microhyla okinavensis (Table 3) . The Uranotaenia species fed notably on frogs but had no particular preferred species.
Mosquitoes feeding on warm-and coldblooded animals
Mosquitoes feeding on both warm-and cold-blooded animals consisted of 2 species of Aedes, 2 Culex and 1 Mimomyia (Table 7) . Of 36 Ae. riversi collected from the forest on 3 islands, 52.8ῌ fed on reptiles (tortoises) and 47.2ῌ on mammals such as human and fruit bat. The hostfeeding pattern of this species was di#er-ent from other species belonging to the same subgenus Stegomyia. Aedes (Aedimorphus) vexans nipponii (Theobald) fed predominantly on large animals such as cattle and goats around animal sheds, and white rhinoceroses in the zoological garden with 99.1ῌ of 211 analyzed bloodmeals. The remaining 2 fed on a fowl and a frog F. limnocharis.
Although most of Cx. quinquefasciatus were collected from human habitations, the host-feeding patterns of this species were somewhat di#erent from the samples collected in di#erent places. Of the 9 Cx. quinquefasciatus collected at the animal sheds, 22.2ῌ fed on humans and 77.8ῌ fed on fowls, while of the 17 at the residential areas, 88.2ῌ fed on mammals including humans, 5.9ῌ on a fowl and 5.9ῌ a frog. Three bloodmeals of Cx. ryukyensis were human, wild boar and lizard origins. Three bloodmeals of Mi. (Etorleptiomyia) luzonensis (Ludlow), 2 from forest areas fed on frogs (Polypedates leucomystax and Buergeria japonica) and the other from a residential area fed on cattle.
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The host-feeding patterns of mosquitoes are governed by a number of factors such as innate tendencies (host preferences), flight behavior and feeding periodicity of mosquitoes as well as availability, spatial distribution and defensive behavior of host animals (Clements, 1999) . Therefore, it is important to clarify host preferences for the large numbers of blood-fed mosquitoes including many species collected by various methods at di#erent habitats throughout the year. The present study provides information on the feeding habits of 35 species collected by 5 methods from 5 islands of the Ryukyus, Japan during 2005ῌ2010.
Twenty-one species including 6 species of Culex, 4 Anopheles and 4 Aedes fed entirely on warm-blooded animals suggesting potential vectors of diseases among humans as well as wild warm-blooded animals. Five species that fed on both warm-and cold-blooded animals are con- Table 5 . ῍῍῍ Fishes include goby (suborder Gobiodei of order Perciformes, with 91ῌ92ῌ sequence identity) and snake eel (order Anguilliformes, with 89ῌ95ῌ). a Two specimens of Cx. infantulus and 1 of Cx. h. ryukyuanus showed 97 and 96ῌ sequence identity, respectively, to Rhacophorus moltrechti which does not occur in Iriomotejima. b Two specimens showed 91ῌ sequence identity to Rana pleuraden which does not occur in Amamioshima.
sidered to be general feeders and have numerous opportunities to contact a wide variety of wild animals. In contrast, 9 species that fed entirely on cold-blooded animals are special feeders and have the potential to be an e$cient vector of specific host animals. The Culex species exhibited di#erent host-feeding patterns between subgenera and fed on mammals, birds, a reptile and amphibians. Genera of Aedes, Anopheles, Armigeres, Heizmannia, Verrallina and Mansonia were mammalophilic feeding, most species of these genera except Anopheles and Mansonia fed on humans. The 5 Uranotaenia species were mainly frog-feeders.
Culex is a large genus consisting of various subgenera including several species of medical importance, namely Cx. tritaeniorhynchus that transmits Japanese encephalitis virus (JEV), and the Cx. pipiens group that transmits West Nile virus (WNV) and human filariasis. The hostfeeding patterns of Culex are known for a limited number of species that are mosquito-borne disease vectors. These species fed on various hosts. For some species the primary hosts are mammals, for others birds, while certain species feed regularly on both mammals and birds. A small percentage of Culex species feed on amphibians or reptiles (Clements, 1999) . The patterns were somewhat di#erent between subgenera. Of the 20,522 Cx. tritaeniorhynchus of subgenus Culex collected near animal sheds on Okinawajima, more than 80ῌ fed on cattle and pigs (Pennington and Phelps, 1968) . In our study, the feeding habits of Cx. tri- taeniorhynchus and Cx. vishnui were mammalophilc, but they occasionally fed on birds and humans at the animal sheds and the zoological garden. These species are a potential bridge vector for WNV in the Ryukyus. In the 1970's many blood-fed females of Cx. tritaeniorhynchus were collected from a cattle shed, pigsty and henhouse in Okinawajima (Iha, 1971) , and JEV was isolated from Cx. tritaeniorhynchus and Cx. pseudovishnui on this island (Ura, 1976; Ura et al., 1981) . Localized persistence of JEV in Okinawajima under suitable conditions was suggested in a previous study (Hayashi et al., 1978) , and we suggest these 2 species play a role in bird to mammal and mammal to mammal transmission of JEV. The susceptibility of Cx. pseudovishnui to JEV is lower than Cx. tritaeniorhynchus under laboratory conditions (Doi et al., 1977) . Although Cx. pseudovishnui is not common in the Ryukyus (Toma and Miyagi, 1986) , this species fed on cattle and fowls near the animal sheds in the present study, suggesting it could become a potential bridge vector for WNV, and play a role in the transmission for JEV as well as Cx. tritaeniorhynchus and Cx. vishnui. In Thailand, Cx. fuscocephala is considered to be an e$cient vector of JEV (Muangman et al., 1972) . This species is very common on the Yaeyama Islands including Iriomotejima, but has never been found on Okinawajima and Amamioshima (Toma and Miyagi, 1986 ). Because of the mammalophilic feeding habit of Cx. fuscocephala, this species could also be a vector in the mammal to mammal transmission of JEV in the Yaeyama Islands. Irby and Apperson (1988) reported that Cx. quinquefasciatus fed primarily on birds in natural habitats near farms in North Carolina. Sawabe et al. (2010) reported that of the blood-fed Cx. quinquefasciatus collected around residential areas in Okinawa, 62.5ῌ fed on mammals and 29.2ῌ on birds. In our study, this species fed on birds rather than mammals at the animal sheds, but fed on mammals rather than birds at the residential areas. Although, this species is basically ornithophilic, it is also an opportunistic feeder that feeds readily on mammals including humans in residential areas. This species is regarded as an important vector for WNV (Molaei et al., 2007; Turell et al., 2005) , and we suggest it is a candidate bridge vector for WNV in the Ryukyus. Culex ryukyensis of subgenus Culiciomyia fed on mammals (human and wild boar) and a reptile (lizard) in this study. Culex (Cui.) sasai Kano et al. of the same subgenus fed predominantly on birds in urban Tokyo (Kim et al., 2009a) . In the present study, Cx. (Lophoceraomyia) infantulus Edwards from Iriomotejima fed on frogs, including F. sakishimensis and Rhacophorus species. This species collected in Nagasaki City fed readily on frogs, snakes, turtles, chicks and mice under laboratory conditions (Miyagi, 1972) . In the absence of preferred hosts, this mosquito may be forced to feed on other available hosts. Culex (Eumelanomyia) hayashii ryukyuanus Tanaka et al. from Iriomotejima fed on a frog in this study. The feeding habits of the subspecies are similar to Cx. (Eum.) hayashii Yamada collected in Nagasaki City (Miyagi, 1973) .
The genus Aedes includes many species and subgenera. Some species, such as Ae. (Stg.) aegypti (Linnaeus) and Ae. albopictus, are medically important as vectors. The results of bloodmeal identification obtained in this study suggest that mammals are the primary hosts for most Aedes species, but most of the available data is limited to several species of the subgenera Ochlerotatus and Stegomyia (Tempelis, 1975; Clements, 1999) . In Japan, Ae. albopictus, Ae. riversi and Ae. v. nipponii were reported to feed predominantly on mammals (Sawabe et al., 2010; Miyagi, 1981, 1986; Takahashi et al., 1971; Kim et al., 2009b) . In our study, the Aedes species, except Ae. baisasi that fed on fishes, exhibited mammalophilic feeding habits. Okudo et al. (2004) reported that the bloodmeals from Ae. baisasi were fish-derived blood as identified by ELISA and observations of mosquitoes fed on fish under laboratory conditions. The host preference of Ae. baisasi is di#erent from the other members of the subgenus Geoskusea.
Epidemics of dengue fever have been reported from time to time in the Ryukyus (Ura, 1978) , and Ae. aegypti was considered an important vector at that time (Miyao, 1931) . Recently, Ae. aegypti were not found in spite of extensive surveillances by ovi-traps in the Ryukyus . In our study, Ae. albopictus exhibited a highly anthropophilic feeding habit. As mentioned in previous studies (Sawabe et al., 2010) , this species may play an important role in mammal-to-mammal transmission of viruses such as dengue virus and Chikungunya virus in the Ryukyus.
Anopheles is a large genus and widely distributed throughout the world. This is the most extensively investigated genus, because it includes many species of medical importance. Bloodmeal analyses have shown that many species of the genus feed almost exclusively on mammals, this may primarily be because the samples analyzed were collected mainly in and around human habitations (Clements, 1999; Belkin, 1962; Tempelis, 1975) . In the Ryukyus, 7 species of Anopheles are recorded from di#erent islands (Toma and Miyagi, 1986) . In the previous studies of host-feeding patterns by human-and cattle-baited net-trap collections in Ishigakijima, the Ryukyus, many adult females of An. sinensis and An. lesteri were collected by cattle-baited nettraps, and many An. minimus were collected by both methods from sunset to midnight (Miyagi and Toma 1978a) . In the present studies, An. minimus, An. sinensis and An. lesteri fed predominantly on cattle, but An. saperoi collected from the forest fed on humans and wild boars. The availability of humans as a blood source in the forest is low, so the primary host of An. saperoi may be the Ryukyu wild boar (S. s. riukiuanus), which is very common in the mosquito's breeding areas on Okinawajima and Iriomotejima. These results indicate that Anopheles is attracted to large mammals or humans depending on the main availability of host animals.
In the past An. minimus was the most important malaria vector in the Ryukyus (Kuroshima, 1960; Miyagi et al., 1996) , and this species is still an important malaria vector in Southeast Asia (Trung et al., 2004 (Trung et al., , 2005 Kiszewski et al., 2004) . In recent years the population of An. minimus in Ishigakijima has been increasing (Toma et al., 2002) . Although An. minimus fed on cattle in the previous study, it is an anthoropophilic as well as zoophilic species (Miyagi and Toma, 1978a) . Anopheles saperoi may have played an important role in the vivax malaria epidemics that occurred in the forests of the northern part of Okinawajima from 1946 to 1948 (Nakamatsu, 1942; Toma and Miyagi, 1981) .
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